Abstract. This paper evaluates the size and duration of temporary and permanent stock price innovations on Croatian capital market in the structural VAR (vector autoregression) framework with Blanchard and Quah (1989) decomposition. The purpose is to identify the eects of temporary price innovations in order to determine to which extent future stock prices can be predicted. Temporary components present in stock prices are explained throughout the mean-reversion hypothesis. This means that stock prices deviate from the fundamental values, but they will revert to their mean. In that way, to some extent, it is possible to predict future price movements. The results show that for the observed period from January 2000 to September 2013, temporary innovations account for only 2.62% of price variability over a two-year horizon. This means that forecasting the future movements of stock prices on Zagreb Stock Exchange is a dicult task.
Introduction
Standard present value models of stock evaluation assume that investors buy stocks in order to hold them for a certain amount of time. In the holding period the investor realizes dividends, thus the stock price itself is a present value of future cash ows. This relationship describes the fundamental factors behind stock price movements and it is related to the Ecient Market Hypothesis (EMH). If all of the information about the future is already incorporated in stock prices, we cannot predict what will happen with the prices in the future. The random walk theory compliments the EMH and suggests that the random walk of price movements generates permanent innovations in stock price movements, while temporary innovations are a result of a stationary component of prices. Nevertheless, there has been a debate on the legitimacy of the EMH and the random walk theory. Authors have started to recognize temporary and permanent stock price innovations and question them for the last thirty years, both in academic and investors' circles. Questions emerged whether only fundamental factors aect stock price movements. The rst papers to appear were Shiller [16] , Fama [7] and Summers [19] . Shiller [16] criticized the EMH, by concluding that movements in stock prices are somewhat caused by changes in expected real interest rates. Fama [7] argued that stock returns should be negatively correlated with expected ination, which is approximated by a shortterm interest rate. Summers [19] introduced temporary stock price innovations in order to explain deviations between the variance of stock prices and the variance of dividend streams. He concluded that stock prices take temporary swings from fundamental values. Temporary components present in stock prices are explained throughout the mean-reversion hypothesis. This means that stock prices deviate from the fundamental values, but they will revert to their mean. In that way, to some extant, it is possible to predict future price movements. Some explanations about this phenomenon are given in Shiller [17] , Blanchard and Watson [5] , etc.
If the evidence exists that temporary innovations (the mean-reverting component) make a large part of price movements, stock returns are predictable and thus the Ecient Market Hypothesis does not hold. Fama and French [8] explain that temporary shocks uncorrelated with shocks to rational forecasts of dividends have no eect on expected dividends and no long-term eects on expected stock prices. They suggested taking caution in treating stock prices or stock returns as rational reections of fundamental values, especially when implementing macroeconomic theories such as the G investment theory (which assumes that asset prices reect the present value of future asset rents). Those rst ndings were followed by studies of Lo and MacKinlay [13] , Kim et. al. [12] , Gallagher and Taylor [9] , Hess and Lee [10] , etc. returns and interest rates on the Croatian stock market in order to identify whether temporary stock price innovations exist and in which way they aect stock prices by the following explanations given in Shively [18:499] : real interest rates are intrinsically related to real stock prices through standard present-value models and they should be highly informative to identifying the existence, size and dynamic eect of independent temporary and permanent stock price innovations. In that way we hope to contribute to the existing literature by examining the size and duration of temporary stock price innovations. Since the theory suggests that the mentioned innovations are temporary swings from the fundamental values, which have no eect on stock prices in the long run, a structural VAR (vector autoregression) model with dened long-run zero restriction in order to identify two structural shocks (temporary and permanent) is applied. This is called the Blanchard and Quah [5] VAR framework. Finally, Martínez-Moya et al. [14] explain why interest rate uctuations have a signicant inuence on stock price uctuations: an increase in interest rates leads to an increase in interest expense of rms, which reduces cash ows from future dividends, thus negatively impacting stock prices. Furthermore, uctuations in interest rates aect the opportunity cost of assets, and they are also linked to real activity in the economy, which aects the expectations of future cash ows. In that way, this paper estimates the size and duration of two structural shocks (temporary and permanent) in Croatian stock movements, by examining the relationship between real stock returns and real interest rates. The structure of the paper is as follows. The second section describes the methodology applied in this study, while the third section deals with data description and results of the empirical analysis.
The nal, fourth section concludes the paper.
Blanchard and Quah (1989) framework
Blanchard and Quah's [4] approach to modeling structural VARs is as follows. A structural moving average model of variables of interest is written as:
i.e. 
Moreover, structural disturbances have the following properties:
i.e. structural disturbances are by denition serially uncorrelated and mutually orthogonal, with a normalized variance matrix.
The vector moving average representation of the VAR model is dened as: 
By comparing equations (1) and (4) and taking into account matrix polynomials A(L) and Θ(L) it follows that e t = A 0 ϵ t .
In order to calculate A(L), we need an estimate of A 0 , which can be obtained by taking the variance of each side of equation (6):
Since the model given in (4) is under-identied, additional restrictions need to be made in order to obtain estimates of A 0 . A 0 is a 2·2 matrix. Thus we need four parameters to recover structural disturbances. Three are given by estimatingΩ.
This means one additional restriction is needed to identify the system exactly. Here, it is assumed that, according to the mentioned literature, temporary stock price shocks do not inuence stock returns in the long run. Formally, the restriction is given as
a ii (i) = 0 in (2). In order to use the method, all of the variables must be stationary in the VAR model. The CROBEX variable is in natural logarithm, while the interest rates were adjusted by a consumer price index in order to reect real interest rates. Figure 1 represents movements of the two variables. In order to estimate a VAR model, a lag length needs to be determined. Several criteria have been used: Final prediction error (FPE), Hannan-Quinn (HQ) and Akaike (AIC) information criteria have pointed out that a lag length of k = 1 is appropriate. Thus, a VAR(1) model was estimated with intercept included. Another model was estimated with a dummy variable included accounting for the crisis period, but the results were almost identical to the results of the initial model. Henceforth, the given results in the rest of this paper refer to the initial model. The nal formal requirement for the use of the Blanchard and Quah framework is that the estimated VAR model is stable. All of the roots of the model lie within the unit circle, thus the stability of the model is fullled. Now, a structural VAR model can be estimated by setting the long term inuence of temporary stock price innovations to zero.
Data and empirical analysis
Since we are interested in the eects of temporary and permanent innovations on stock returns, an impulse response function was constructed based on the estimated model. Figure 2 shows an impulse response function for stock returns. As can be seen, temporary stock innovations have a positive eect in the rst month, followed by a smaller negative response in the second, which almost vanishes in the third month. From the fourth month, stock returns return to their average value.
Permanent innovations, on the other hand, have negative eects on stock market returns and their eects vanish after the third month. Thus, it can be concluded that temporary shocks have little and short-life eects on stock return movements.
In that way, it is very dicult to predict future movements of return. Furthermore, a variance decomposition of stock returns has been made in order to measure the importance of temporary innovations in stock price uctuations. Table   3 shows the results of the analysis. Temporary price innovations have a marginal impact on stock price movements. In the rst month they account for 1.89% of price volatility, in the second 2.49% and up to 2.62% in other horizons. Therefore, the size of the mean-reverting component is very small, which means it is dicult to forecast future price movements on the Croatian capital market. On the other hand, fundamental innovations account for over 97% of stock price movements. autocorrelation function of returns of CROBEX given in Figure 3 , the correlograms suggest that the returns are a white noise process. All of the estimated coecients of autocorrelation and partial autocorrelation § lie within the interval of ± 2 S.E., i.
e. they are not statistically signicant. ments. Some evidence started to appear that stock prices or returns can be predicted, at least to some extent.
Temporary components present in stock prices are explained throughout the mean-reversion hypothesis. This means that stock prices deviate from the fundamental values, but they will revert to their mean. The bigger the impact of temporary components on stock price index movements, the bigger the probability to accurately predict future price/return movements. The theory suggests that temporary innovations have eects on stock prices in the short run, but in the long run these eects vanish, and permanent innovations have eects which are present both in the short and long run. Therefore, this paper employs a structural VAR model with Blanchard and Quah [4] decomposition. This framework estimates structural innovations by forcing a long run restriction on eects of temporary innovations.
The results of the analysis suggest that for the examined period from January 2000 to September 2013 temporary innovations have positive but small eects on stock price index movements. They account for only 2.62% of price variability over a two year horizon. In that way, it is not an easy task to predict future price movements on the Croatian stock market. This paper is a rst attempt in Croatia to decompose stock price index movements to temporary and permanent innovations.
Thus, more work needs to be done. Other theories on stock price movements and their components exist, which might describe the movements on the Croatian capital market more accurately. Future work includes decomposition stock price movements by using other relevant theories of stock evaluation and comparison of the results with previous ndings in the literature.
